Fine structure of the biogenesis of Giardia lamblia encystation secretory vesicles.
Synthesis, transport, and assembly of the extracellular cyst wall is the hallmark of Giardia lamblia encystation. Much is known of the biochemical pathways and their regulation. However, from a cell biology point of view, the biogenesis of the encystation specific vesicles (ESVs) that transport cyst wall proteins to the periphery of the cell is poorly understood. Therefore, we exploited a number of complementary ultrastructural approaches to test the hypothesis that the formation of ESVs utilizes a novel regulated secretory pathway. We analyzed parasites at different stages of encystation in vitro by electron microscopy of thin sections, freeze fracture replicas, and three-dimensional reconstruction from serial sections of cells fixed for cytochemical localization of the endoplasmic reticulum (ER) marker, glucose 6-phosphatase. We also used a stereological approach to determine the area occupied by the ER, clefts, ESVs, and cyst wall. Taken together, our kinetic data suggest that some ER cisternae first dilate to form clefts, which enlarge into the ESVs. Living non-encysting and early-encysting trophozoites were labeled around the periphery of both nuclei with C(6)-NBD-ceramide. At 18-21 h, outward migration of some ESVs frequently caused protrusions at the periphery of encysting trophozoites. The presence of lysosome-like peripheral vesicles between the ESV and plasma membrane of the cell was confirmed using acridine orange, an acidic compartment marker. Our data suggest that G. lamblia has a novel secretory pathway in which certain functions of the ER and Golgi co-localize spatially and temporally. These studies will increase understanding of the evolutionary appearance of regulated secretory pathways for assembly of a primitive extracellular matrix in an early diverging eukaryote.